Introduction
The ideal bone substitute material should be resorbed gradually in vivo and replaced by newly formed bone. It is usually regarded that not only bone tissue, but also bone substitute material is resorbed by osteoclast [1] . The remoulding process of bone consists of two aspects which are bone forming by osteoblasts and bone resorption by osteoclasts, so a biomaterial should also activate osteoclast function. Thus the comparison of osteoclast resorption activity would be an important aspect to select bone substitute material. The degradation of biomaterials can be explained by the combined action of two processes: 1. solution-mediated physicochemical dissolution and 2. cell-mediated degradation as the result of the resorption activities of osteoclasts. The resorption process is determined by the character of the material -for example chemical composition and crystalline state and the resorbing activity of osteoclast on the material. On the other hand, the chemical composition and the crystalline state of the material could affect the osteoclast function. Bioactive glasses are used as bone-graft materials for many years for their ability to chemically bonding with bone [2] . The bioactive glass crystalline state and crystal phase is determined by the preparation method and the sintering process. Some study indicated that the same kind of material, but with different crystalline states and crystal phases, can generate different osteoclast resorption activity. This is the case for hydroxyapatite: some researchers showed that HA could be resorbed by osteoclast in vitro [3, 4, 5] , but others did not [6, 7] . In our study, we used synthetic bioglasses elaborated by the sol-gel method. Further treatments with increasing temperatures influenced and determined the crystallization degree of the material. The effect of crystallization on biodegradation of synthetic bioglasses was studied with a particular attention to the osteoclast behaviour in vitro.
Die Wirkung des Kristallzustandes von Biogläsern auf deren

Material and Methods
Sample preparation
Precursor powder was produced with the Sol-Gel method in the system of SiO 2 -CaO-MgO-P 2 O 5 . After forming a round plate through cool iso-statistic press process, the sample was obtained by the controlled crystallization of precursor powder. Further treatments with increasing temperatures influenced and determined the crystallization degree of the material. Thermal treatment temperature was 600 °C, 900 °C and 1100 °C, respectively, and got three group samples that were subsequently SG600, SG900 and SG1100. All different samples were analysed by XRD and FTIR before using them for cell cultures.
Cell culture
Primary cultured rat osteoclasts were isolated and cultured by the method of Chamber et al. [5, 6, 7, 8] . Two-day-old rats (32 animals) were sacrificed and the tibias were removed in a HEPES-buffered medium 199 (Gibco) with 10% SVF. The scraped material from the tibia marrow were put in a culture medium with 45% α-minimum essential medium(α-MEM, Gibco), 45% Dulbecco Modified Eagle Medium with Glutamax (Gibco), 5% foetal calf serum (Eurobio), 5% new-born calf serum (Eurobio) and antibiotics (Gentamycine 50 µg/mL; Fungizone 250 µg/mL). The suspension was stirred. The samples were put in a 24 wells tissues culture plate. Before the implantation of the above cells, the samples were immersed in α-MEM with 20% foetal calf serum for 90min. One mL of the above cell suspension was placed on each samples. After incubation at 37 °C with 5% CO 2 for 60 min, non-attached cells were gently moved out, and the samples were washed with culture medium. Then 1mL fresh culture medium was added and the samples were incubated for four hours and 48 hours.
Osteoclast actin labeling
After 24h incubation, the samples were rinsed with PBS and then fixed using a 300 µL solution of 2 % paraformaldeyde for 20 minutes. The cells were permeabilized using buffered 0,2 % Triton X-100 at room temperature for 15 minutes. The samples were washed with 1 % bovine serum albumin (BSA) (Sigma) in PBS (BSA/PBS) for 20 minutes. A fluorescein isothiocyanate (FITC)-conjugated phalloidin solution was added at a concentration of 1,25 µg /mL in the 1% dimethyl sulfoxide/PBS for 60 minutes at room temperature. After this time the phalloidin was removed, and the samples were washed and mounted in glycerol on glass plates [5, 9] . All the labelled cells were examined using the LASER scanning confocal microscope (Leica TCS-NT).
Osteoclast morphology
After 48 hours incubation, samples were removed from the culture medium. The cells were fixed with of 2,5 % glutaraldehyde for 30 minutes at 4 °C and then post fixed in 1 % osmium -in saturated HgCl 2 for 30 min at 4 °C. The samples were then sequentially dehydrated in alcohol of increasing ( 50, 70, 80, 90, 96, and 100%) concentration [5] . The dehydration of the samples was then completed with 50/50 Hexamethyl-Disilazane (HMDS)/100 % alcohol for 5-10 min, and then after pure HMDS, the samples were dried over night in open dishes on the working table to let completely escape the residual HMDS vapours. Samples were sputter coated with gold-palladium and cell morphology was examined by Scanning Electron Microscopy (Hitachi, at 20 kV and 80 µA).
Resorption lacunae
After 48 hours incubation, the samples were moved out of the culture medium. The cells on the samples were removed by trypsine. The samples were washed with distilled water and dried in a 37 °C chamber, and then sputter coated with gold-palladium. Resorption lacunae produced by osteoclasts on the surface of the substrates were also examined by Scanning Electron Microscopy (Hitachi).
Ca and P concentration
Calcium/phosphate releasing was assessed with LX20 system (Beckman Synchron) simultaneously to the resorption test. 48 hours after the cell seeding and just before cell staining, the culture medium was removed from each well and collected for calcium/phosphate assay. The principle of analyses of calcium is to measure the calcium ion activity in solution by detecting the change of potential reference to a sodium reference electrode, by indirect (diluted) methodology [10] . Then the reference signal is used in calculating the calcium concentrations based on Nernst equation. The determination of phosphate concentration in culture medium is by using time-related method [11] , inorganic phosphorus reacts with ammonium molybdate in an acid solution to form a colored phosphomolybdate complex. The system monitors the change in absorbance at 365 nm at a fixed-time interval, which is directly proportional to the concentration of phosphate in samples. Calcium and phosphate concentrations were determined in culture medium with 10 % FCS on test samples with and without osteoclasts, and in the normal cell cultures without sample.
Results
Crystallinity of samples
The result obtained previously by XRD and FTIR showed that SG1100 was almost completely crystallized. The main crystals were Ca 3 (PO 4 ) and CaMg(SiO 3 ) 2 . SG900 was also completely crystallized, but the main crystals were (CaMg) 3 (PO 4 ) 2 and CaMg(SiO 3 ) 2 . SG600 was partially crystallized. It was made of some glassy phase and some crystals including (Ca,Mg) 3 (PO 4 ) 2 and Ca 7 Mg 2 P 6 O 24 . Not only some Si-O and P=O bonds but also plenty of residual -OH bond have been evidenced in the SG600. Due to different rate of crystallinity and crystal phase, SG1100 had stronger mechanical properties than SG600 (Table 1) . 
Actin staining
Fluorescence localisation of actin distribution by the FITClabelled phalloidin demonstrated after 24 hours the typical adhesion contact ring of rat osteoclasts on all three bioglass materials allowing osteoclast to strongly adhere on the substrate and to build a resorption compartment with acidic content (Fig. 1) . The actin ring is slightly discontinuous on the SG600 material (Fig. 1a) .
Morphology and resorption lacuna
Morphological studies by SEM showed good adhesion behaviour and a typical spreading of osteoclasts on all three samples (Fig. 2) . Moreover, osteoclasts spread more extended and flat on SG600 samples (Fig. 2a) , than on the other two samples. This may explain the less continuous actin ring in osteoclasts on this material (Fig. 1a) Well-developed and deep resorption lacunas appearing after the osteoclastic resorption action were detected on all three samples. The morphology of resorption lacuna were similar on the three samples with 20-50 µm in size, they had homogeneous and clearly limited edges (Fig. 3) . No difference could be detected in lacunae on the SG600 samples.
Ca and P concentration
The Ca concentration in the culture medium of SG600 was significantly higher than in control medium, and Ca and P concentration were higher in media with osteoclasts than in those without osteoclasts. As to SG900 and SG1100, Ca and P concentration in culture media without osteoclast were lower than in controls; their concentrations were always higher in culture media with osteoclasts (Fig. 4) .
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Discussion
It is quite complicated to assess biomaterials resorption in vivo. It includes simultaneously material dissolving and assimilating to the host organism, mostly performed by ions interchange between the material and the biosystem, and generating new mineral deposits on the material surface.
The mechanism the chemical bonding between bioactive glass and bone is the appearance of a HA-like mineral on the material surface through a series of reaction [12] . The resorption activity of osteoclasts on the surface of the material affects its degradation rate, and further affects bone forming on its surface. The resorbing activity of osteoclast during the resorption process in vivo occurs as the important phase of bone remodelling. It is also the necessary process of skeletal growth, tooth eruption, and healing of bone fracture. It contributes to balance the Ca concentration in the blood. Osteoclast is a kind of multinucleated giant cell which derives from haematopoietic stem cells. It is the only cell system to effectively resolve mineral and degrade bone tissue. The resorption process is named resorption cycle. The cycle includes many cell behaviours which can be concluded as: osteoclast migrates to resorption site, adheres to the surface of bone, polarizes and forms new cell membrane domain, resolves HA, decomposes organic composition, transfers the resorption products and finally undergoes apotosis or turn back to non-resorption period [13] . The effective adhesion of osteoclast is the first step of resorption. But polarization and forming new cell membrane areas is the key for resorption. During this period a sealing zone is formed between osteoclasts and bone tissue or bone substitute material [14] . The sealing zone is characterized by the presence of dense actin molecules forming a continuous ring and ensuring a tight adhesion on the substrate [15] . Osteoclasts secret an acidic substance into the extracellular compartment beneath and inside the actin ring. Then bone tissue or bone substitute material dissolves in this local acidic environment and forms lacunae. The H + grads between lacuna and extracellular liquid outside are maintained by the tight contact of actin ring and mineral surface. So the integrity of the actin ring formation is the key to normal bone resorption. In our study, we evaluated in vitro the degradation of three bioglasses by osteoclast adsorption. Osteoclast actin ring is the specific structure formed after adhesion, which exist around the membrane area closely contacted with materials and forming a so-called ring-like focal adhesion contact. In the current study, actin ring was marked as green ring structure by cytochemical staining. The complete actin ring can be seen on the materials with lower resorption rate, which means osteoclast can perfectly adhere on all the three bioglasses by the sealing zone structure and thus can develop good resorption activity. Lacunae are the structures formed on bone tissue or material surface after osteoclast resorption. Kanahisa et al. [16] showed that the structure of actin ring matches well with the edge shape of lacunae. In our study, the same conclusion could be drawn according to actin ring, morphology of osteoclast and the shape of lacunae. In terms of the shape and depth of lacunae, all three samples could be degraded by osteoclasts, which exhibit good and similar resorption activity on all of the three bioglasses surfaces. There are many factors that affect osteoclast resorption activity, but the mechanism is not yet clearly known. The extracellular Ca concentration is regarded as an important factor. A higher Ca concentration can lead to increased intracellular Ca concentration inhibiting osteoclast resorption activity and finally initiate osteoclasts to detach from the resorption surface [17] . Other research teams, however, think that extracellular Ca concentration is not related with osteoclast resorption activity, and that the Ca concentration in resorption area affects the formation of lacunae [18] . In our study, Ca concentration in the culture medium was determined by integrated factors, such as metabolism of osteoclast, resorption of samples by osteoclast, and Ca deposition on the sample surface. Ca concentration in culture medium from resorbing osteoclasts on SG600 is significantly higher than from control cultures and other groups, because SG600 has lower crystallinity and subsequently can better be resorbed than completely crystalline materials. Similar observations have also been made with respect to different ceramics such as HA, β-TCP, and calcium carbonate, and this with human and rat osteoclasts [4, 5] . Ca and P concentrations in the culture medium without osteoclast of SG900 and SG1100 were both lower than that of the control. This phenomenon indicated that Ca and P ions deposited much faster on these two bioglasses and formed active layer on the surface. In addition, the Ca concentration of SG900 decreased more obviously than that of SG1100, which mean that active layer formed earlier on this former surface. When cultured with osteoclasts, Ca concentrations from the three samples were higher than from those cultured without osteoclast respectively. This means that osteoclasts degraded samples and produced Ca ions. In our study, the solubility of three bioglasses was different and thus caused the difference of extracellular Ca concentration, but had little effect on osteoclast resorption activity. Three bioactive glasses synthesized in our study had different solubility in culture medium because of different crystal phases and crystallinity. Osteoclast exhibited obvious resorption activity on all of the three bioactive glasses, which means that these materials -when used as bone substitute materials -would have a similar process just as bone remodelling in vivo, but certainly with different bone turnover times.
Conclusion
The synthetic bioglasses with different crystallinity caused different solubility, which seemed to have little effect on the osteoclast resorption behaviour. The partial crystallinity of the material seems to determine the dissolution ability: the more amorphous SG600 release higher amounts of Ca and P than SG900 and SG1100. The lower Ca and P concentrations released by the latter compounds after incubation in culture media without cells may suggest that some reprecipitation onto the surfaces could occur. The morphology of osteoclasts and resorption lacunae clearly demonstrate that the synthetic bioglasses are easily resorbed in vitro by osteoclasts, which thus could participate in the process of bone remodelling when implanted into the human body.
Abstract
The effect of crystallization on biodegradation of synthetic bioglasses was studied with a particular attention to the osteoclast behaviour. Bioglasses SG600, SG900 and SG1100 were synthesized by the sol-gel method. Further treatments with increasing temperatures influenced and determined the crystallization degree of the material. Primary cultured rat osteoclasts were incubated for four hours and 48 hours on samples. Osteoclast actin labelling was examined by cytochemical staining. The concentrations of Ca and P in culture medium were quantified by colorimetric methods. SEM examined osteoclast morphology and resorption lacuna. Actin staining reveals on all three materials the typical adhesion contact ring. The Ca concentration in the culture medium of ARBEITEN ORIGINAL H.F. Hildebrand: Osteoclast behaviour on synthetic bioglasses with different crystallinity in vitro SG600 was significantly higher than in control medium, and SG900 and SG1100. Ca and P concentrations were always higher in culture media with osteoclasts. Morphological studies by SEM showed a good adhesion behaviour of osteoclasts on all three samples. Well-developed and deep resorption lacunas appearing after the osteoclast resorption action were detected on all three samples. The synthetic bioglasses with different crystallizations caused different solubility, which seemed to have only little effect on the osteoclast resorption behaviour. Osteoclasts detach from the SG600 bioglas slightly earlier than from the two other materioals. The morphology of osteoclasts and resorption lacunae clearly demonstrate that the synthetic bioglasses are easily resorbed in vitro by these cells.
